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(54) Process for producing a nitrile compound 

(57) In a process for producing a nitrile compound 
comprising introducing a carbon ring or heterocyclic 
compound having organic substituents, ammonia and 
the air into a reactor and reacting the introduced com- 
pounds in the presence of a catalyst, during the reaction , 
a residual gas obtained after the formed nitrile com- 
pound is separated from a reaction gas discharged from 
the reactor is recycled to the reactor in an amount of 1 0 



to 60% by volume based on the amount of the fresh raw 
material gas supplied to the reactor and the ratio of the 
amount by mole of molecular oxygen to the amount by 
mole of the organic substituent in the carbon ring or het- 
erocyclic compound having organic substituents sup- 
plied to the reactor (O^organic substituent) is kept with- 
in 1 .5 to 7. The reaction is achieved under an advanta- 
geous condition and the nitrile compound can be pro- 
duced industrially advantageously at a higher yield. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a process for 
producing a carbon ring or heterocyclic nitrile compound 
by amrnoxidation using a carbon ring or heterocyclic 
compound having organic substituents as the raw ma- 
terial. 

2. Description of the Related Arts 

[0002] Carbon ring nitrile compounds are useful as 
raw materials for synthetic resins and agricultural chem- 
icals and as intermediate compounds for amines and 
isocyanates. Heterocyclic nitrile compounds are useful 
as intermediate compounds for drugs and additives for 
feed and food. 

[0003] The process of reacting an organic compound 
such as a carbon ring or heterocyclic compound having 
an organic substituent or organic substituents (herein- 
after, occasionally referred to as a compound having or- 
ganic substituents) with ammonia and a gas containing 
oxygen is called amrnoxidation and, in general, nitrile 
compounds are produced in accordance with a gas 
phase catalytic reaction. 

[0004] It is known that catalysts containing vanadium, 
molybdenum or iron are used for the amrnoxidation. For 
example, in Japanese Patent Application Laid-Open 
No. Heisei 11 (1999)-209332, a process for ammoxidiz- 
ing aromatic hydrocarbon and heterocyclic compounds 
having alkyl groups as substituents in the presence of 
a catalyst containing oxides of V, Cr, B and Mo is de- 
scribed. In Japanese Patent Application Laid-Open No. 
Heisei 9(1997)-71561 , a process for producing dicy- 
anobenzene by the amrnoxidation of xylene in the pres- 
ence of a catalyst containing oxides of Fe, Sb and V is 
described. 

SUMMARY OF THE INVENTION 

[0005] The conditions of the reaction in the amrnoxi- 
dation such as the composition of the feed gas, the con- 
tact time and the temperature of the reaction are impor- 
tant factors deciding the yield and productivity of the ni- 
trile compound and must be controlled rigorously. On 
the other hand, when the nitrile compound is produced 
by the amrnoxidation, the air is industrially used as the 
oxygen source. When the air is used as the oxygen 
source, it can frequently occur that the composition of 
the feed gas and the contact time cannot be selected at 
the optimum values since the content of oxygen in the 
air is constant. Pure oxygen and nitrogen may be used 
for adjustment of the composition of the feed gas. How- 
ever, additional apparatuses for producing pure oxygen 
and nitrogen are required for using these gases and cost 



of construction of the facility increases. Therefore, this 
method is not preferable. 

[0006] The present invention has an object of provid- 
ing a process which , in the process for producing a nitrile 

5 compound using a carbon ring or heterocyclic com- 
pound having organic substituents, ammonia and the air 
as the raw materials in accordance with the gas phase 
catalytic amrnoxidation, can achieve the reaction under 
excellent conditions by adjusting the composition of the 

10 feed gas and the contacttime without additional facilities 
and provide the nitrile compound industrially advanta- 
geously in a high yield. 

[0007] As the result of intensive studies by the present 
inventors to achieve the above object, it was found that 

15 the above object could be achieved when the residual 
gas component which was obtained after the formed ni- 
trile compound was separated from the reaction gas of 
the amrnoxidation was recycled to the reactor in a spe- 
cific amount and the ratio of the amount by mole of mo- 

20 lecular oxygen to the amount by mole of the organicsub- 
stituent in the carbon ring or heterocyclic compound 
supplied to the reactor was kept in a specific range. The 
present invention has been completed based on the 
knowledge. 

25 [0008] The present invention provides a process for 
producing a nitrile compound which comprises introduc- 
ing a carbon ring compound having organic substituents 
or a heterocyclic compound having organic substituents 
into a reactor in combination with ammonia and an air 

30 and ammoxidizing the introduced compound in a pres- 
ence of a catalyst, wherein, during the reaction, a resid- 
ual gas component which is obtained after the formed 
nitrile compound is separated from a reaction gas dis- 
charged from the reactor is recycled to the reactor in an 

35 amount in a range of 1 0 to 60% by volume based on an 
amount of a fresh raw material gas comprising the car- 
bon ring compound having organic substituents or the 
heterocyclic compound having organic substituents, 
ammonia and the air which are freshly supplied to the 

40 reactor and a ratio of an amount by mole of molecular 
oxygen to an amount by mole of the organic substituent 
in the carbon ring compound having organic substitu- 
ents or the heterocyclic compound having organic sub- 
stituents supplied to the reactor (Og/organic substituent) 

45 is kept in a range of 1 .5 to 7. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Figure 1 shows a flow diagram exhibiting an 
so embodiment of the process of the present invention. In 
this embodiment, the amrnoxidation is conducted in ac- 
cordance with the reaction using a fluidized bed. The 
reaction gas discharged from the reactor is brought into 
contact with a solvent and the reaction products are col- 
55 lected. The residual gas obtained after this step is 
brought into contact with water and ammonia is collect- 
ed. The residual gas obtained after these steps is recy- 
cled to the reactor of amrnoxidation. In Figure 1, 1 
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means a reactor of ammoxidation, 2 means a column 
for collecting a nitrile and 3 means a column for washing 
with water. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] The carbon ring compound having organic 
substltuents which is used as the raw material in the 
present invention is a carbon ring compound having a 
carbon ring such as benzene ring, naphthalene ring, an- 
thracene ring, cyclohexene ring, cyclohexane ring, di- 
hydronaphthalene ring, tetraline ring and decaline ring 
and organic substituents such as methyl group, ethyl 
group, propyl group, formyl group, acetyl group, hy- 
droxymethyl group and methoxycarbonyl group as the 
side chains on the carbon ring. The carbon ring com- 
pound may further have atoms and groups which do not 
take part in the ammoxidation such as a halogen atom, 
hydroxyl group, alkoxyl group, phenyl group, amino 
group and nitro group. Examples of the carbon ring com- 
pound having organic substltuents include toluene, xy- 
lene, trimethylbenzene, ethylbenzene, methylnaphtha- 
lene, dimethyinaphthalene, methyltetraline, dimethylte- 
traline, chlorotoluene, dichlorotoluene, methylaniline, 
cresol and methylanisole. 

[0011] The heterocyclic compound having organic 
substituents which is used as the raw material is a het- 
erocyclic compound having a heterocyclic ring such as 
furan ring, pyrrol ring, indole ring, thiophene ring, pyra- 
zole ring, imidazole ring, oxazole ring, pyran ring, pyri- 
dine ring, quinoline ring, isoquinoline ring, pyrroline ring, 
pyrrolidine ring, imidazoline ring, imidazolidine ring, pip- 
eridine ring and piperadine ring and organic substituents 
such as those described above as the side chains on 
the heterocyclic ring. The heterocyclic compound may 
further comprise as the side chains thereof atoms and 
groups which do not take part in the ammoxidation such 
as those described above for the carbon ring compound. 
Examples of the heterocyclic compound include furfural, 
2-methylthiophene, 3-methylthiophene, 2-formylthi- 
ophene, 4-methylthiazole, methylpyridine, dimethylpyri- 
dine, trimethyipyridine, methylquinoline, methylpyra- 
zine, dimethylpyrazine and methyipiperadine. 
[0012] The compounds may be used singly or as a 
mixture of two or more. The present invention is advan- 
tageously applied to producing isophthalonitriie from 
meta-xylene having two methyl groups on the benzene 
ring among the above compounds. 
[0013] In the present invention, the nitrile compound 
is produced by the ammoxidation in accordance with the 
gas phase catalytic ammoxidation. For the ammoxida- 
tion, for example, a fixed bed reactor, a moving bed re- 
actor or a fluidized bed reactor may be used. The fluid- 
ized bed reactor is preferable from the standpoint of con- 
trolling the temperature of the reaction and cost of the 
apparatus. The catalyst used in the present invention is 
not particularly limited as long as the catalyst is suitable 



for the ammoxidation in accordance with the gas phase 
catalytic reaction. As the catalyst, for example, catalysts 
comprising an oxide of at least one element selected 
from vanadium, molybdenum and iron are preferable. 

5 [0014] When the fluidized bed catalyst is used, the 
particle diameter of the catalyst is in the range of 1 0 to 
300 fxm. The average particle diameter is in the range 
of 30 to 200 p.m and preferably in the range of 40 to 1 00 
pm. The bulk density of the catalyst is in the range of 

10 0.5 to 2 g/cm 3 and preferably in the range of 0.7 to 1 .5 
g/cm 3 . 

[0015] In the present invention, ammonia of the indus- 
trial grade can be used as ammonia. The amount of am- 
monia expressed as the ratio of the amount by mole of 

15 ammonia to the amount by mole of the organic substit- 
uent in the carbon ring or heterocyclic compound of the 
raw material (NH 3 /organic substituent) is in the range of 
1 to 10 and preferably in the range of 3 to 7. When the 
amount of ammonia is less than the above range, the 

20 yield of the nitrile compound decreases. When the 
amount of ammonia exceeds the above range, industrial 
disadvantages arise since the loss or the cost of recov- 
ery of unreacted ammonia increases. In the present in- 
vention, the residual gas obtained after the nitrile com- 

25 pound of the object compound is separated from the re- 
action gas discharged from the reactor is recycled to the 
reactor of ammoxidation. When ammonia is contained 
in the residual gas in an amount more than the negligible 
amount, the amount of fresh supply of ammonia may be 

30 suitably adjusted. 

[0016] In the present invention, the air is used as the 
oxygen source. The amount of the air is adjusted in a 
manner such that the ratio of the amount by mole of ox- 
ygen to the amount by mole of the organic substituent 

35 in the carbon ring or heterocyclic compound of the raw 
material (Og/organic substituent) is in the range of 1 .5 
to 7 and preferably in the range of 1 .5 to 5. When the 
amount of the air is less than the above range, the yield 
of the nitrile compound decreases. When the amount of 

40 the air exceeds the above range, the space-time yield 
decreases. In the present invention, the residual gas ob- 
tained afterthe nitrile compound of the object compound 
is separated from the reaction gas discharged from the 
reactor is recycled to the reactor of ammoxidation. 

45 When oxygen is contained in the residual gas in an 
amount more than the negligible amount, the amount of 
fresh supply of the air may be suitably adjusted since 
the above ratio Og/organic substituent must be control- 
led. 

50 [0017] The pressure of ammoxidation may be any of 
the atmospheric pressure, an added pressure and a re- 
duced pressure. It is preferable that the pressure is in 
the range of around the atmospheric pressure to 0.2 
MPa. The contact time between the reaction gas and 

55 the catalyst is varied depending on the conditions such 
as the type of the compound having organic substitu- 
ents, the composition of the supplied raw materials and 
the temperature of the reaction. The contact time is, in 
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general, in the range of 0.5 to 30 seconds. 
[001 8] The temperature of the reaction is in the range 
of 300 to 500° C and preferably in the range of 330 to 
470°C. When the temperature is lower than the above 
range, a sufficient rate of reaction is not obtained. When 
the temperature exceeds the above range, the amount 
of byproducts such as carbon dioxide and hydrogen cy- 
anide increases and the yield of the nitrile compound 
decreases. The temperature of the reaction is suitably 
decided so as to provide the optimum yield under the 
above conditions with consideration on the change in 
the activity of the catalyst. 

[001 9] In the present invention, the residual gas com- 
ponent, which is obtained after the nitrile compound of 
the object compound is separated from the reaction gas 
discharged at the outlet of the reactor, is recycled to the 
reactor. Examples of the process for separating and re- 
covering the nitrile compound from the reaction gas in- 
clude the following processes (1) and (2). (1) A process 
in which the reaction gas is brought into contact with an 
organic solvent dissolving the nitrile compound so that 
the nitrile compound is collected with the solvent and 
separated from the residual gas components. (2) A 
process in which the reaction gas is cooled so that the 
nitrile compound is separated or condensed as a solid 
or a liquid and separated from the residual gas compo- 
nents. In process (1), an organic solvent such as an 
alkylbenzene, a heterocyclic compound, a carbon ring 
nitrile and a heterocyclic nitrile is used as the above sol- 
vent. It is preferable that a nitrile compound formed in 
the ammoxidation such as a mononitrile compound is 
used since the number of the substances in the process 
does not increase. For example, it is preferable that me- 
ta-tolunitrile formed as the byproduct in the ammoxida- 
tion is used when isophthaionitrile is obtained from me- 
ta-xylene. 

[0020] The residual gas obtained after the separation 
of the nitrile compound comprises nitrogen as the main 
component, oxygen, ammonia, carbon dioxide, carbon 
monoxide, hydrogen cyanide, water and the un reacted 
compound having organic substituents. The residua! 
gas may be supplied to the reactor of ammoxidation 
without any treatments. Where necessary, components 
such as water, carbon dioxide, hydrogen cyanide, am- 
monia and the unreacted compound having organic 
substituents are removed from the residual gas and the 
resultant gas containing nitrogen as the main compo- 
nent may be recycled to the reactor of ammoxidation. 
The present inventors proposed in Japanese Patent Ap- 
plication Laid-Open No. 2001-348370 a process in 
which unreacted ammonia and hydrogen cyanide are 
separated and recovered by absorption with water from 
a residual gas obtained by separating a nitrile com- 
pound and these compounds are recycled to the reac- 
tion system. The residual gas from which the nitrile com- 
pound, ammonia and hydrogen cyanide have been sep- 
arated may be obtained from the reaction gas dis- 
charged at the outlet of the reactor, for example, in ac- 



cordance with this process and recycled to the reactor 
of ammoxidation. 

[0021] in the present invention, the amount of the re- 
sidual gas recycled to the reactor is in the range of 10 

5 to 60% by volume and preferably in the range of 15 to 
50% by volume based on the amount of the fresh raw 
material gas comprising the compound having organic 
substituents, ammonia and the airwhich are freshly sup- 
plied to the reactor. When the amount of the recycled 

10 residual gas is less than the above range, the effect of 
the present invention is not sufficiently obtained. When 
the amount of the recycled residual gas exceeds the 
above range, the amount of the recycled substances in- 
creases and the space-time yield decreases. In the 

15 present invention, % by volume means the percentage 
of the volumes at the so-called standard state, i.e., at 
0°C under the atmospheric pressure. In the process of 
the present invention in which the residual gas is recy- 
cled to the reactor of ammoxidation, the reaction is con- 

20 ducted while the ratio of the amount by mole of molec- 
ular oxygen to the number of the organic substituent in 
the compound having organic substituents supplied to 
the reactor (Og/organic substituent) is kept in a range of 
1 .5 to 7 and preferably in the range of 1 .5 to 5. Therefore, 

25 in the present invention, the amount of the recycled re- 
sidual gas and the amount of the supplied air are adjust- 
ed in a manner such that the ratio of the amount by vol- 
ume of the recycled residual gas to the amount by vol- 
ume of the gas of the fresh raw material (the amount of 

30 recycled residual gas / the amount of gas of the fresh 
raw material) is in the range of 1 0 to 60% and O^organic 
substituent is in the range of 1 .5 to 7. For adjusting the 
amount of the supplied substances, the concentration 
of oxygen in the recycled residual gas is measured and 

35 the suitable amounts of the supplied substances can be 
decided based on the result. The concentration of oxy- 
gen in the recycled residual gas can be easily measured 
in accordance with the gas chromatography or by using 
a commercial sensor of the oxygen concentration. The 

40 effect of increasing the yield can be obtained by supply- 
ing the optimum amount of the residual gas containing 
nitrogen as the main component while the relative 
amounts expressed by O^organic substituent is con- 
trolled within the suitable range. 

45 [0022] In the present invention, the concentration of 
the compound having organic substituents in the gas 
supplied to the reactor is in the range of 0.2 to 1 0% by 
volume and preferably in the range of 0.5 to 5% by vol- 
ume. When the concentration exceeds the above range, 

50 the yield of the nitrile compound decreases. When the 
concentration is smaller than the above range, the 
space-time yield decreases. When the process of the 
present invention is conducted, the excellent yield can 
be obtained by adjusting the concentration of the com- 

55 pound having organic substituents to 0.07 moies or 
smaller as expressed by the amount by mole of the or- 
ganic substituent per 1 mole of the entire components 
supplied to the reactor. In this condition, the effect of the 
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present invention is more effectively exhibited. The 
amount by moie of the organic substituent per 1 mole of 
the entire components supplied to the reactor means the 
value obtained by multiplying the concentration by vol- 
ume of the compound having organic substituents by 
the number of the organic substituent in the compound 
having organic substituents. For example, xylene hav- 
ing two methyl groups as the organic substituents in an 
amount of 1 .5% by volume gives a concentration of the 
organic substituent of 0.015x2=0.03 moles per 1 mole 
of the entire components supplied to the reactor. 
[0023] Figure 1 shows a flow diagram exhibiting an 
embodiment of the process of the present invention. In 
this embodiment, the ammoxidation is conducted in ac- 
cordance with the reaction using a fluidized bed. The 
reaction gas discharged from the reactor is brought into 
contact with a solvent and the reaction products are col- 
lected. The residual gas obtained after this step is 
brought into contact with water and ammonia is collect- 
ed. The residual gas obtained after these steps is recy- 
cled to the reactor of ammoxidation. In Figure 1, 1 
means a reactor of ammoxidation, 2 means a column 
forcollecting a nitrile and 3 means a column for washing 
with water. 

[0024] In Figure 1, a reactor of ammoxidation 1 is 
packed with the fluidized catalyst. To the reactor, the 
compound having organic substituents, ammonia, the 
air and the recycled residual gas are supplied and the 
ammoxidation is conducted. A cooling tube is disposed 
at the inside of the reactor and the surface of the fluid- 
ized catalyst bed is placed at a lower portion of the upper 
end portion of the cooling tube. After particles of the cat- 
alyst in the reaction gas are separated by a catalyst cy- 
clone and returned to the fluidized catalyst bed via a 
tube for returning the catalyst, the reaction gas is dis- 
charged via a tube for discharge. The reaction gas dis- 
charged from the reactor contains the nitrile compound, 
ammonia, hydrogen cyanide, carbon dioxide, water, 
carbon monoxide, nitrogen, oxygen and the unreacted 
compound having organic substituents. The reaction 
gas is transferred to a column for collecting a nitrile 2 of 
the next step. In the column for collecting a nitrile 2, the 
reaction gas and the solvent are brought into contact 
with each other and the nitrile compound contained in 
the reaction gas is collected. The residual gas obtained 
after the nitrile compound is collected is transferred to 
a column for washing with water 3. In the column for 
washing with water, the residual gas and water are 
brought into contact with each other and ammonia and 
hydrogen cyanide contained in the reaction gas are col- 
lected. A portion of the residual gas obtained from the 
column for washing with water is recycled to the reactor 
of ammoxidation and the remaining amount of the re- 
sidual gas is introduced into an apparatus for treating a 
gas for disposal such as an incinerator. 



EXAMPLES 

[0025] The present invention will be described more 
specifically with reference to Example and Comparative 
5 Example in the following. However, the present inven- 
tion is not limited to Example and Comparative Exam- 
ple. 

[0026] In the following Example and Comparative Ex- 
ample, the results of the reaction are based on the 
10 amount of supply of meta-xylene (MX). 

< Preparation of a catalyst> 

[0027] To 229 g of vanadium pentoxide V 2 0 5 , 500 ml 

15 of water was added. The resultant mixture was heated 
at 80 to 90°C and 477 g of oxalic acid was added under 
sufficient stirring and dissolved. Separately, 400 ml of 
water was added to 963 g of oxalic acid and the resultant 
mixture was heated at 50 to 60°C. To the obtained so- 

20 lution, a solution obtained by adding 252 g of chromic 
acid anhydride Cr0 3 into 200 ml of water was added 
under sufficient stirring and dissolved. To the solution of 
vanadium oxalate obtained above, the solution of chro- 
mium oxalate obtained above was mixed at 50 to 60°C 

25 and a vanadium-chromium solution was obtained. To 
the obtained solution, a solution obtained by dissolving 
41.1 g of phosphomolybdic acid HgfPMo-^O^^OHgO 
into 100 ml of water was added. To the resultant solution, 
a solution obtained by dissolving 4.0 g of potassium ac- 

30 etate CH 3 COOK into 100 ml of water was added and, 
then , 2,500 g of a 20% by weight aqueous silica sol (con- 
taining 0.02% by weight of Na z O) was added. To the 
obtained slurry, 78 g of boric acid H 3 B0 3 was added and 
sufficiently mixed. The resultant fluid was concentrated 

35 by heating until the amount of the fluid became about 
3,800 g. The obtained catalyst solution was dried by 
spraying while the temperature at the inlet was kept at 
250° C and the temperature at the outlet was kept at 
130°C. The catalyst obtained after the drying by spray- 

40 ing was dried in a drier at 130°C for 12 hours and cal- 
cined at 400°C for 0.5 hours and, then, at 550°C for 8 
hours under a stream of the air and a fluidized catalyst 
was prepared. The catalyst contained the components 
in amounts such that the ratio by atom of the compo- 

45 nents V:Cr:B:Mo:P:Na:K was 1 :1 : 0.5 : 0.086 : 0.007 : 
0.009 : 0.020 and the concentration of the catalyst com- 
ponents in the fluidized catalyst was 50% by weight. 

Comparative Example 1 

50 

[0028] The ammoxidation of meta-xylene was con- 
ducted using the reactor of ammoxidation shown in Fig- 
ure 1 . The reactor of ammoxidation was packed with 
2,300 kg of the fluidized catalyst prepared above. The 
55 air, meta-xylene (MX) and ammonia gas were preheat- 
ed at 1 80°C and supplied to the reactor. The amount of 
supply of MX was 242 kg/hr, the amount of supply of 
ammonia was 342 kg/hr and the amount of supply of the 
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air was 1 ,390 Nm 3 /hr. The reaction was conducted un- 
der a pressure of the reaction of 0.08 MPa and isoph- 
thalonitriie (IPN) was obtained. The reaction gas was 
introduced into a column for collecting a nitrile and the 
nitriie compound contained in the reaction gas was col- 
lected. The residual gas obtained after the collection of 
the nitrile compound was introduced into a column for 
washing with water and brought into contact with water 
and ammonia and hydrogen cyanide contained in the 
reaction gas was collected. The entire amount of the re- 
sidual gas discharged from the column for washing with 
water was introduced into an apparatus for treating the 
gas for disposal without recycling to the reactor of am- 
moxidation. 

[0029] When the temperature of the reaction was ad- 
justed, the yield of IPN showed the maximum value at 
a temperature of the reaction of 431 °C. The results of 
the reaction were as follows: the yield of IPN: 82.3% by 
mole; the yield of meta-tolunitrile: 1 .3%; and the yield of 
components formed by burning (carbon dioxide, carbon 
monoxide and hydrogen cyanide): 13.5%. 

Example 1 

[0030] The reaction was conducted in accordance 
with the same procedures as those conducted in Com- 
parative Example 1 except that the residual gas dis- 
charged from the column for washing with water in an 
amount of 830 Nm 3 /h was recycled to the reactor of am- 
moxidation, the amount of supply of the air was 1 ,200 
Nm 3 /h and the temperature of the reaction was 441 °C. 
The concentration of oxygen in the residual gas ob- 
tained from the column for washing with water 3 was 
5.2% by volume. The amount of the recycled residual 
gas was 48.8% by mole based on the amount of fresh 
supply of the raw material gas, Og/organic substituent 
was 2.9 and the ratio of the amount by mole of the or- 
ganic substituent to the amount by mole of the entire 
components supplied to the reactor was 0.040. 
[0031] The results of the reaction were as follows: the 
yield of IPN: 87.1 % by mole; the yield of meta-tolunitrile: 
4.1%; and the yield of components formed by burning 
(carbon dioxide, carbon monoxide and hydrogen cya- 
nide): 6.2%. The yield of IPN increased from that in 
Comparative Example 1. 

Example 2 

[0032] The reaction was conducted in accordance 
with the same procedures as those conducted in Com- 
parative Example 1 except that the residual gas dis- 
charged from the column for washing with water in an 
amount of 650 Nm 3 /h was recycled to the reactor of am- 
moxidation, the amount of supply of the air was 1 ,300 
Nm 3 /h and the temperature of the reaction was 438° C. 
The concentration of oxygen in the residual gas ob- 
tained from the column for washing with water 3 was 
5.6% by volume. The amount of the recycled residual 



gas was 36.1% by mole based on the amount of fresh 
supply of the raw material gas, 0 2 /organic substituent 
was 3.0 and the ratio of the amount by mole of the or- 
ganic substituent to the amount by mole of the entire 

5 components supplied to the reactor was 0.042. 

[0033] The results of the reaction were as follows: the 
yield of IPN: 86.1% by mole; the yield of meta-tolunitrile: 
3.3%; and the yield of components formed by burning 
(carbon dioxide, carbon monoxide and hydrogen cya- 

10 nide): 8.4%. The yield of IPN increased from that in 
Comparative Example 1 . 

Example 3 

15 [0034] The reaction was conducted in accordance 
with the same procedures as those conducted in Com- 
parative Example 1 except that the residual gas dis- 
charged from the column for washing with water in an 
amount of 350 Nm 3 /h was recycled to the reactor of am- 

20 moxidation, the amount of supply of the air was 1 ,320 
Nm 3 /h and the temperature of the reaction was 433°C. 
The concentration of oxygen in the residual gas ob- 
tained from the column for washing with water 3 was 
4.6% by volume. The amount of the recycled residual 

25 gas was 1 9.2% by mole based on the amount of fresh 
supply of the raw material gas, 0 2 /organic substituent 
was 2.9 and the ratio of the amount by mole of the or- 
ganic substituent to the amount by mole of the entire 
components supplied to the reactor was 0.047. 

30 [0035] The results of the reaction were as follows: the 
yield of IPN: 84.2% by mole; the yield of meta-tolunitrile: 
1 ,9%; and the yield of components formed by burning 
(carbon dioxide, carbon monoxide and hydrogen cya- 
nide): 12.1%. The yield of IPN increased from that in 

35 Comparative Example 1 . 



Claims 

40 1. A process for producing a nitrile compound which 
comprises introducing a carbon ring compound 
having organic substituents or a heterocyclic com- 
pound having organic substituents into a reactor in 
combination with ammonia and an air and ammox- 

45 idizing the introduced compound in a presence of a 
catalyst, wherein, during the reaction, a residual 
gas component which is obtained after the formed 
nitrile compound is separated from a reaction gas 
discharged from the reactor is recycled to the reac- 

50 tor in an amount in a range of 1 0 to 60% by volume 
based on an amount of a fresh raw material gas 
comprising the carbon ring compound having or- 
ganic substituents or the heterocyclic compound 
having organic substituents, ammonia and the air 

55 which are freshly supplied to the reactor and a ratio 
of an amount by mole of molecular oxygen to an 
amount by mole of the organic substituent in the 
carbon ring compound having organic substituents 



6 
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or the heterocyclic compound having organic sub- 
stltuents supplied to the reactor (O^organic substit- 
uent) is kept in a range of 1 .5 to 7. 

2. A process according to Claim 1 , wherein an amount 5 
of the organic substituent in the carbon ring com- 
pound having organic substituents or the heterocy- 
clic compound having organic substituents supplied 

to the reactor is 0.07 moles or less per 1 mole of 
entire components supplied to the reactor. 10 

3. A process according to Claim 1 , wherein the nitrile 
compound is collected by bringing the reaction gas 
discharged from the reactor into contact with a sol- 
vent. 15 

4. A process according to Claim 1 , wherein the ammo- 
xidation is conducted in afluidized bed reactor. 

5. A process according to Claim 1 , wherein the carbon 20 
ring compound is meta-xylene and the nitrile com- 
pound is isophthalonitrile 

6. A process according to Claim 1 , wherein a catalyst 
comprising an oxide of at least one metal selected 25 
from vanadium, molybdenum and iron is used as 
the catalyst. 



30 
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(57) In a process for producing a nitrile compound 
comprising introducing a carbon ring or heterocyclic 
compound having organic substituents, ammonia and 
the air into a reactor and reacting the introduced com- 
pounds in the presence of a catalyst, during the reaction , 
a residual gas obtained after the formed nitrile com- 
pound is separated from a reaction gas discharged from 
the reactor is recycled to the reactor in an amount of 1 0 



to 60% by volume based on the amount of the fresh raw 
material gas supplied to the reactor and the ratio of the 
amount by mole of molecular oxygen to the amount by 
mole of the organic substituent in the carbon ring or het- 
erocyclic compound having organic substituents sup- 
plied to the reactor (O^organic substituent) is kept with- 
in 1 .5 to 7. The reaction is achieved under an advanta- 
geous condition and the nitrile compound can be pro- 
duced industrially advantageously at a higher yield. 
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